The article describes the analysis of Toxoplasma gondii infection among people and animals from the selected rural households in the Lublin province. To identify the potential sources of infection, parasitological and/or PCR examinations of the samples of water, soil, cats' faeces, and meat eaten by the household members were carried out. The study indicated high percentages of seropositive results among the household members (N=57) and domestic animals (N=94) -61.4 % and 53.2%, respectively. In two households, the parasite was detected in drinking water. The study results seem to confirm the possibility of family character of toxoplasmosis, and point at the environmental conditions leading to the infection in rural environment.
others, by the results of our study on the employees of Meat Processing Plant in Lublin, where almost 65.4% of positive tests for T. gondii were found (the percentage of positive results reached 76.2% in the workers of smoked meat department) (12) . Due to the contamination of the environment with invasive forms of the parasite and frequent contact with potential infection sources, rural inhabitants also constitute a group equally exposed to T. gondii.
In the previous studies on the prevalence of toxoplasmosis in humans and animals in the Lublin macroregion (1994) (1995) (1996) (1997) (1998) (1999) , high proportions of seropositive results were found in the inhabitants of the territories of forest inspectorates in Włodawa, Sobibór, Sosnowica, and Krasnystaw (73.1%, 68.6%, 89.5%, 76.0%, respectively); clinical cases of toxoplasmosis were also reported. High percentages of seropositive reactions were also found in domestic animals (mainly cattle and pigs) from the Chełm region. At the same time, in other forest inspectorates of the Lublin region, much lower proportions of positive results were detected (the average percentage for these areas was 51.9%) (13, 14) . On the basis of the results of those studies, people living in areas where toxoplasmosis was a considerable health risk (Włodawa, Sobibór, Sosnowica), were selected for further tests performed at their households.
The aim of the present study was to estimate the risk of toxoplasmosis in inhabitants of the rural environment in the selected rural households in Lublin province.
Material and Methods
The study covered 57 people living in 14 households in the territory of the forest inspectorates in Sobibór, Włodawa, and Parczew. The group included 17 forestry workers and 40 members of their families. The study consisted of a survey and serological tests on humans and animals for the prevalence of T. gondii antibodies. The presence of protozoan was also determined as potential sources of infection in the households (water, soil, cats' faeces). Additionally, samples of meat consumed by the household members were examined for the presence of the parasite.
Epidemiological anamnesis. On the basis of a detailed questionnaire, information on the studied people was collected, including age, sex, occupation, diagnosed diseases, contact with domestic and free-living animals, source of food, and frequency of raw meat consumption. Information on animals kept in the household was also obtained.
Serological examination of humans. Blood serum of the household members was examined with immunoenzymatic ELFA (enzyme-linked fluorescent assay) IgG and IgM tests (Vidas Toxo IgG and Vidas Toxo IgM, bioMèrieux, France). The ELFA tests were performed using a MiniVidas analyser according to the manufacturer's instruction.
Serological examination of animals. Blood serum of 94 domestic animals (cattle, goats, horses, pigs, cats, dogs, rabbits, hens, ducks, geese, turkeys) was examined. The tests were performed using a direct agglutination test (DAT) (commercial kit Toxo-Screen DA, bioMerièux, France). The tests were performed according to the manufacturer's instruction.
Examination of water, soil, cats' faeces, and meat. Sixty soil samples and 34 water samples (10 samples were collected from the rural water systems, 24 -from the farm wells), as well as, the samples of faeces of 16 cats kept at the farms, were examined for oocysts and DNA of T. gondii. Sixty-five samples of meat (coming from the studied families' domestic animals and bought in shops) consumed by the household members were tested for T. gondii DNA.
Study methods. In soil tests, the floatation method according to Quinn et al. (9) was used. Water examination was conducted on the basis of filtration through cellulose membrane filters with the use of vacuum pump, according to the method developed by Isaac-Renton et al. (5) . Cats' faeces was examined with flotation method described by Dubey and Beattie (2) . Isolation of T. gondii DNA from the water, soil, faeces (after flotation process), and meat samples was performed with a commercial kit (Genomic DNA Prep Plus A&A Biotechnology). Amplification of T. gondii DNA was performed using PCR kit (DNA-GDAŃSK II, Poland). Detection of T. gondii DNA was based on amplification of B1 gene fragment, in two subsequent reactions with the same pair of primers. Primers, deoxynucleotides, and other ingredients of reaction mixture, positive control (genomic DNA of the RH strain of T. gondii), and a marker were included in the kit. The negative control was nuclease-free water (Applied Biosystems, Poland). Subsequent 35 cycles (94ºC for 30 s, 64ºC for 1 min, and 72ºC for 30 s) were performed in thermocycler Hot-Shot 25 (DNA-GDAŃSK II, Poland). Products of amplification in size of 262 bp were detected in 2% agarose gel (Prona Agarose, Basica L. E.) after staining with ethidium bromide solution.
Statistics. The statistical analysis was performed with χ2 test, using Statistica software by StatSoft Inc.(USA).
Results
Survey data. It was established that the age of the examined individuals ranged from 9 to 70 years (mean age -35.5 years). The study group included: 17 forestry workers, 25 farmers (among them, six people additionally carried out non-agricultural work), and 15 students (aged below 18). Women constituted 57.9% (33 persons) of the studied individuals. There were nine hunters in the study group. All these people were in contact with domestic animals, and almost half of them with free-living animals and their meat, on a daily basis. Pork eaten by the household members came from homeraised pigs in four households, while in the remaining farms it was bought in shops or from neighbours. In eight households, the consumed poultry was homeraised. In almost all of the households, the housewives admitted that they sometimes tasted raw meat while preparing meals. In seven households, milk came from cows kept at the farm (in three of them, milk came from goats), and it was often consumed uncooked. Two women reported complicated obstetric anamnesis, 11 individuals had enlarged neck lymph nodes and flu-like symptoms; nine of them were found seropositive for T. gondii, which would point to Toxoplasma aetiology of the disease. Arthro-muscular pain was found in 13 individuals, a significant part of them was seropositive (P<0.05).
Results of serological examination of humans. Thirty-five (61.4%) out of 57 studied individuals were found to be IgG positive (10-4,200 IU/mL; Table 1 ). Twenty-four positive results ranged from 10 to 100 IU/mL, six results -from 101 to 300 IU/mL, and five were highly positive, exceeding 300 IU/mL. IgM antibodies were not found in the studied people.
Test results for animals. In DAT, the percentage of positive results among 94 examined animals was 53.2%. The highest percentage of positive results were found in cats -81.3% and cattle -85.7%; the results were lower in poultry -58%, goats -57.0%, dogs -53.0%, and horses -40%, and the lowest in rabbits -16.7%. No positive results were found for pigs. The detailed results are presented in Table 1 . 
DAT -direct agglutination test
Test results for water. T. gondiii oocysts, identified on the basis of their morphometric properties, were found in the microscopic examination in the samples of well water from two households (Table 1) . PCR test confirmed the presence of T. gondii DNA in these samples.
Test results for soil, cats' faeces, and meat. T. gondii was not found in 60 examined samples of soil, 16 samples of cats' faeces, and 65 samples of meat.
Discussion
The rural population is particularly exposed to infection with this parasite. This was confirmed by our studies and by other authors' research (11, 18) . In the case of foresters, who often are also hunters, the contact with blood and meat of hunted animals constitutes an additional hazard. As it was shown in the presented data (Table 1) , in a large number of cases the studied individuals reported symptoms indicating toxoplasmosis -usually enlarged lymph nodes -that had sometimes led to treatment. In the analysed households, people were accompanied by seropositive domestic animals. Cats, being also seropositive in the majority of cases, were numerously present in the studied areas.
The fact that in two households the oocysts were detected in drinking water indicates that the environment was contaminated with dispersive forms of T. gondii. In our previous study, in one household, a virulent strain of the parasite was isolated from the brain of a rabbit fed green fodder from the home garden (13) . In this household, rabbit meat was eaten raw, which could have been the cause of toxoplasmosis in the family members. PCR examination of 65 samples of pork, beef, and poultry meat did not show the presence of T. gondii DNA. The results, however, due to the onetime character of the study and a limited number of samples, should be considered as tentative. A potential role of goat milk in spreading the invasion seems to be indicated by the information obtained at household "B", where the symptoms indicative of toxoplasmosis were confirmed by high ELFA titres and positive results in the goats kept there.
The results of our study do not definitively indicate cats as the direct source of T. gondii invasion for people in the studied households. Neither in cats' faeces nor in the soil, the oocysts of DNA of this protozoon were found. At the same time, high percentages of seropositive results in this species of animals indicate the infection and shedding the oocysts in the past. Similarly, a high seroprevalence in other domestic animals confirms the presence of the parasite in the environment.
Test results for well water in which T. gondii dispersive forms were found point to a potential role of water in transmission of the parasite to humans and animals. It seems advisable to continue this type of research and completing it with an attempt to isolate the parasite in biological samples from laboratory animals. It also seems to be useful to conduct information campaigns among the members of households using surface water, and thus exposing to infection risk.
The study results confirm our previous observations (15) , and also reports published by the other authors on the possibility of family toxoplasmosis and the environmental conditions conducive to the infection (21) . The obtained percentage of positive results in the household members is much higher than that found by Toś-Luty et al. (20) many years ago (1961) in the Lublin province among foresters and farmers (33.3% and 39%), and by the results of our earlier study -56.9% (14) . It is also comparable with the percentage of positive results detected recently in forestry workers in the Pomorskie and Warmińsko-Mazurskie province -62.5% (4) . This indicates that the problem of toxoplasmosis in the rural environment, where several family members become infected, is increasing (15, 6) .
In other countries, results of tests for toxoplasmosis in the rural population vary: e.g. in France, 47% of positive results were detected (3), in Finland, 37% of farmers working with pigs proved seropositive (10) , in Ireland the proportion of positive results in the examined farmers reached 73.5% (16) . In some European countries, among others in England (1), Ireland (18), Denmark (6), and Slovakia (17) , no difference between the percentages of seropositive results in people residing in the country and those living in cities was detected. In some studies seropositive results were more frequently found in cat-owners (10) .
It seems that it is impossible to eliminate entirely the parasite from the environment; however its prevalence can be limited by preventive actions. It also seems to be important to increase an awareness in rural inhabitants, particularly those living in the areas with a high risk of toxoplasmosis infection, and to conduct periodic serological tests for T. gondii (this concerns particularly women), which allows quickly providing an appropriate treatment if the infection is diagnosed.
